INTRODUCTION
Photoacoustically generated sound pulses are widely used in various NDT, NDE and sensing applications when a non-touching method is preferred. The generation mechanisms are relatively well known, including types of waves generated, directional patterns, sound pressures and damage thresholds for the laser intensity [1] . The so-called thermoelastic regime is attractive to many applications despite of its low efficiency (usually about sub 0.1 %). It is because that the process is nondestructive to samples and the theory is well established [2, 3, 4] . The current study addresses the prediction of the temporal ultrasound pulse shape of an optimum sound generation scheme using a low power diode pumped high repetition rate Nd: YAG pulse laser [5] . A model is proposed in which the radiation from the thermoelastic sound source is treated as an instantaneous piston source at the solid-fluid interface.
THEORETICAL BACKGROUND
The system of interest is shown in Fig. 1 The middle one is optically absorbing layer of infinitesimal thickness. The thermal and elastic properties of all three are similar. The optical energy of the incident beam is absorbed at the thin layer. Its rapid thermal expansion generates an elastic pulse which propagates through the bottom layer and coupled into the fluid. The process is assumed to be thermoelastic.
Following the treatment-developed by Mc Donald [4] it can be shown that the Laplace and Hankel transform <I>(p,s) of the axial displacement potential <I>(r,t) can be written as
where B is bulk modulus, ~ volume thermal expansion coefficient, p is density, C is heat capacity, CL is longitudinal velocity, tp is the laser pulse duration, r is the l/e 2 radius of the laser beam and Eo the energy of a laser pulse, p is the Hankel transform variable and s the Laplace transform variable. The heat source is modelled as a radially Gaussian and along the Z-axis delta function type source function. Temporal shape of the source is that of a unit pulse with energy equivalent to the actual laser pulse. The values of the material parameter used in numerical calculations are those of Polyethylene and they were obtained from standard reference literature [6, 7, 8] . They are B=O.34*10 1O N/m2. ~=5.07*1O-4, p=0.9*10 3 kg/m 3 , C=2000 J/kgK, cL=1750 mls. In calculations, the thickness of the two transparent layers are assigned to 6.3 mm.
To calculate the axial displacement amplitude it is necessary to evaluate the inverse Hankel and Laplace transforms of Eq.(1). Integration over p is done by standard numerical methods with truncation to Pmax which can be estimated as (21tCL)/tp. The inverse Laplace transform is calculated by using a Fourier series method [9] . Once the on-axis axial displacement is calculated at the solid-liquid interface, the pressure pulse radiated into water from the interface is computed using a piston source model which assumes that the piston whose diameter is equal to that of the laser beam oscillates with a constant displacement amplitude of the on-axis axial displacement at the interface.
The on-axis sound pressure at a distance Zw (=:q -Zl) from the piston source is [10] . Theoretical wave form at distances 25,50 and 69 mm with r=a=2.5 mm where Pw is the density of water, Cw is sound velocity in water, a is the radius of the piston and Zz the distance where the sound pressure is observed.
Calculated wave fOlTIlS at different distances from the solid-liquid interface are shown in figure 2 . It can be seen that the pulse amplitude decreases with distance and also the pulse shape becomes slightly narrower with distance. This is due to the fact that the contributions from the center and rim of the piston appear to arrive at almost the same times and partial cancellation takes place.
EXPERIMENTAL
The experimental equipment is described in Fig. 3 . The laser used was a laser diode pumped Nd: YAG-laser with a passive, LiF Q-switch. The pulse energy was 2.5 Ill/pulse and pulse duration 60 ns. The photoacoustic signal was detected with a wide band PZTtransducer, averaged 256 times and transferred to a computer for further analysis. The thickness of both transparent layers (Fig. 1) in the experiment was 6.3 mm. The absorbing thin layer in the experiment consists of 20 thin (0.0013 mm thick) sheets of dyed polyethylene film. The two transparent layer were Lucite blocks. As far as comparison with the theoretical model described earlier is concerned, the thermal and elastic parameters of polyethylene and Lucite are close enough in our error limits. Figure 4 shows the measured wave form at three different distances from the solidliquid interface. The characteristic that the amplitude and pulse shape vary with distance predicted by the theoretical model can be seen here in the measured data. The duration between positive and negative peaks decreases with distance and so does the amplitude. However, the measured wave forms rise much slower than the theoretical ones. This is, in our view, due to the limited band width of our receiver.
To test whether the theoretical pulse shape prediction can be brought closer to the measurement results a convolution [11] with the system impulse function was performed for a theoretical wave form of middle curve in Fig. 2 . It can be seen that the wave form shape is very close to the measured shape, the middle curve in Fig. 4 .
CONCLUSION
A model which allows us to predict sound pressure radiated to water from a photoacoustic source was created and results were compared with measurements. The maximum pressure and pillse shapes can be predicted with reasonable accuracy . 
